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Summary
Objectives: Although knee alignment is associated with the progression of knee osteoarthritis (OA), it is unclear which features that charac-
terize radiographic OA are related to alignment. The aim of this study was to examine the relationship between static knee joint alignment
(measured as a continuous variable) and the radiographic features of knee OA (joint space narrowing and osteophytes).
Methods: One hundred and twenty one adults with symptomatic knee OA were recruited using a combined strategy including referral from
specialist centres, arthritis support groups and media advertising. X-rays were performed to classify the severity of disease and to determine
static knee alignment.
Results: Increasing varus knee alignment was associated with increasing risk of medial compartment joint space narrowing (P< 0.001) and
osteophytes (P¼ 0.005). Increasing valgus knee alignment was associated with an increased risk for lateral compartment joint space
narrowing (P< 0.001) and osteophytes (P¼ 0.002).
Conclusion: This study has demonstrated that the static knee angle, measured as a continuous variable, is an important determinant of the
compartment-speciﬁc features of radiographic knee OA. Further work is required to determine whether interventions aimed at correcting these
relatively minor levels of varus and valgus angulation will have an effect on the risk of tibiofemoral OA.
ª 2006 OsteoArthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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SocietyIntroduction
Osteoarthritis (OA) is a major cause of disability in people
over the age of 651, and is common at weight-bearing joints
such as the knee. Biomechanical factors have been impli-
cated in both the onset and progression of knee OA. Re-
cently, it has been shown that knee alignment is a risk
factor for the progression of radiographic disease2 and lon-
gitudinal cartilage loss3. Other structural factors associated
with malalignment in knee OA have included meniscal
degeneration, bone attrition, central weight-bearing osteo-
phytes and ligament damage4. Nevertheless, there is a
paucity of studies that have simultaneously examined the
association between the radiographic features of knee OA
(i.e., both joint space narrowing and osteophytes within
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Received 4 April 2006; revision accepted 10 April 2006.9the same arthritic cohort) and a continuous measure of
knee alignment.
The aim of this study was to examine the relationship be-
tween static knee joint alignment (measured as a continuous
variable) and the radiographic features of knee OA.
Methods
SUBJECTS
One hundred and twenty one subjects with symptomatic
knee OA were recruited using a combined strategy includ-
ing advertising through local newspapers and the Victorian
branch of the Arthritis Foundation of Australia as well as col-
laboration with General Practitioners, Specialist Rheumatol-
ogists and Orthopedic Surgeons as described previously5.
The study was approved by the ethics committee of the
Alfred Hospital, in Melbourne, Australia. All subjects gave
written informed consent.
Inclusion criteria were age over 40 years and symptomatic
(at least one pain dimension of Western Ontario andMcMas-
ter University Osteoarthritis Index score above 20 mm and58
959Osteoarthritis and Cartilage Vol. 14, No. 9osteophytes present) knee OA (American Rheumatism
Association clinical and radiographic criteria)6. Subjects
were excluded if any form of arthritis other than OA was
present, including evidence of chondrocalcinosis on plain
ﬁlms. Subjects were excluded if they were unable to walk
50 feet without the use of assistive devices, had hemiparesis
of either lower limb or were planning total knee replacement.
Weight was measured to the nearest 0.1 kg (shoes and
bulky clothing removed) using a single pair of electronic
scales. Height was measured to the nearest 0.1 cm (shoes
removed) using a stadiometer. From these data, body mass
index (BMI) (weight/height2, kg/m2) was calculated.
Each subject then had radiographic assessment per-
formed on his or her symptomatic knee. Where both knees
had OA and were symptomatic, the knee with less severe
radiographic OA was used.
KNEE ALIGNMENT AND THE RADIOGRAPHIC FEATURES
OF OSTEOARTHRITIS
Each subject had a weight-bearing anteroposterior tibio-
femoral radiograph taken in full extension of the symptom-
atic knee as described previously7. Knees were scored
independently by two trained observers, who used a pub-
lished atlas to classify disease in the tibiofemoral joint.
The radiological features of tibiofemoral OA were graded
in each compartment, on a four-point scale (0e3), for indi-
vidual features of osteophytes and joint space narrowing8.
Intraobserver reproducibility for agreement on features of
OA was 0.93 for osteophytes, as well as joint space narrow-
ing. Interobserver reproducibility was 0.86 for osteophytes
and 0.85 for joint space narrowing9.
Knee angles were measured by a single observer as pre-
viously described3,7,10. Lines were drawn through the middle
of the femoral shaft and through the middle of the tibial shaft.
The angle subtended at the point at which these two lines
met in the centre of the tibial spines was based on amodiﬁca-
tion of the method of Moreland et al.10 described recently by
Felson et al.7. The angle subtended by the lines on the me-
dial side wasmeasured usingOSIRIS software (University of
Geneva). The angle was described on a continuous scale,
extending from 0 to 360. The lower the degree, the more
varus the alignment: the higher the number, the more valgus
the alignment, where 180( was considered neutral align-
ment. The intraobserver variability was 0.98.
STATISTICAL ANALYSES
Descriptive statistics for characteristics of the subjects
were tabulated (see Table I). Ordinal regression techniques
were used to examine the relationships between knee an-
gles and radiographic features of OA. Regression analyses
were adjusted for potential confounders including age, gen-
der, the BMI, height, weight, tibial bone area and cartilage
volume. Subjects were divided into equal quartiles accord-
ing to the alignment angle to compare the radiographic
characteristics with degree of alignment. P values of less
than 0.05 were considered to be statistically signiﬁcant.
All analyses were performed using the SPSS statistical
package (standard version 12.0.1, SPSS, Chicago, IL).
Results
Radiological assessment was performed on 121 partici-
pants, of which 67 (55%) were females. The average agewas 64 years, while the average BMI was 28.7 kg/m2. Sub-
ject characteristics are shown in Table I.
KNEE ALIGNMENT AND RADIOGRAPHIC FEATURES
OF KNEE OA
After adjustment for the potential confounders of sex, age,
BMI, cartilage volume and or bone size, an increase in val-
gus knee angle was protective against medial compartmen-
tal joint space narrowing [OR¼ 0.77 (95% conﬁdence
interval (CI): 0.70e0.85) P< 0.0001] and osteophytes
[b¼ 0.90 (95%CI: 0.83e0.97) P¼ 0.005]. In the lateral com-
partment, an increase in valgus knee angle was associated
with an increased risk of joint space narrowing [OR¼ 1.62
(95% CI: 1.31e2.01) P< 0.0001] and osteophytes
[OR¼ 1.13 (95% CI: 1.05e1.22) P¼ 0.002] (Table II).
Taken together, these results demonstrate that whereas
varus alignment is associated with the risk of medial com-
partment joint space narrowing and osteophytes, valgus
alignment is associated with the risk of lateral compartment
joint space narrowing and osteophytes (Figs. 1 and 2).
Discussion
This cross-sectional study has demonstrated that
static knee alignment is associated with the severity of
Table I
Subject characteristics*
Total (n¼ 121)
Age (year) 64 (10.3)
Gender (% females) 55%
Height (m) 1.68 (9.0)
Weight (kg) 80.8 (15.0)
BMI (kg/m2) 28.7 (5.0)
Average angle (degrees) 180.6 (5.8)
KellgreneLawrence grade
0 0 (0%)
I 34 (28.1%)
II 49 (40.5%)
III 38 (31.4%)
Tibiofemoral osteophytes
Medial tibiofemoral
0 76 (62.8%)
I 30 (24.8%)
II 13 (10.7%)
III 2 (1.7%)
Lateral tibiofemoral
0 76 (62.8%)
I 24 (19.8%)
II 15 (12.4%)
III 6 (5.0%)
Joint space narrowing
Medial tibiofemoral
0 60 (49.6%)
I 29 (24.0%)
II 26 (21.5%)
III 6 (5.0%)
Lateral tibiofemoral
0 97 (80.2%)
I 15 (12.4%)
II 9 (7.4%)
III 0 (0.0%)
*Values are reported as mean (SD); osteophytes and joint space
narrowing reported as frequency (%).
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Relationship between radiographic features of knee OA and knee alignment
Univariate analysis odds ratio (95% CI)* P value Multivariate analysis odds ratio (95% CI)y P value
Tibiofemoral joint space narrowing
Medial 0.73 (0.67, 0.80) <0.001 0.77 (0.70, 0.85) <0.001
Lateral 1.58 (1.35, 1.86) <0.001 1.62 (1.31, 2.01) <0.001
Tibiofemoral osteophytes
Medial 0.90 (0.84, 0.97) 0.005 0.90 (0.83, 0.97) 0.005
Lateral 1.15 (1.07, 1.23) <0.001 1.13 (1.05, 1.22) 0.002
*Odds ratio of tibiofemoral joint space narrowing and osteophytes per degree valgus increase in knee angle.
yOdds ratio of tibiofemoral joint space narrowing per degree valgus increase in knee angle after adjustment for age, sex, the BMI and tibial
cartilage volume in the regression equation. Odds ratio of tibiofemoral osteophytes per degree valgus increase in knee angle after adjustment
for age, sex, the BMI and tibial plateau bone area in the regression equation.Figs. 1 and 2. The relationship between tibiofemoral osteophytes (Fig. 1) and joint space narrowing (Fig. 2) and knee angles stratiﬁed into
quartiles.1(A): As the knee becomes less varus (i.e., alignment angle increases), the severity of osteophytes in the medial compartment de-
creases. Error bar shows mean osteophyte score, with 95% CI. 1(B): As the knee becomes more valgus (i.e., alignment angle increases), the
severity of osteophytes in the lateral compartment is increased. Error bar shows mean osteophyte score, with 95% CI. 2(A): As the knee be-
comes less varus (alignment angle increases), the severity of medial joint space narrowing decreases. Error bar shows mean joint space nar-
rowing score, with 95% CI. 2(B): As the knee becomes more valgus (alignment angle increases), the severity of lateral joint space narrowing
increases. Error bar shows mean joint space narrowing score, with 95% CI.
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alignment became increasingly varus, the severity of medial
compartment joint space narrowing and osteophytes in-
creased, while as alignment became increasingly valgus,
the severity of lateral compartment joint space narrowing
and osteophytes increased. This is the ﬁrst study to have
demonstrated that static knee alignment, measured as
a continuous variable, is associated with the risk of com-
partment-speciﬁc joint space narrowing and osteophytes
within the same arthritic cohort.
Few studies have examined the relationship between
knee joint alignment and the radiographic features of knee
OA. In a small number of previous studies, knee alignment
has been shown to be independently associated with either
radiographic tibiofemoral joint space narrowing or osteo-
phytes when the knee angle was described as varus or
valgus2,11. In particular, Felson et al.11 have shown that
increasing varus alignment increases the risk for more
severe medial compartment osteophytes, whereas increas-
ing valgus alignment increased the risk for more severe
lateral compartment osteophytes. Similarly, Sharma et al.2
demonstrated that knee alignment is associated with com-
partment-speciﬁc joint space narrowing2. Our study is the
ﬁrst to have examined and demonstrated a relationship be-
tween static knee alignment, measured as a continuous
variable, and both osteophytes and joint space narrowing
in the same population of arthritic patients. While our results
support these previous independent ﬁndings, we have also
demonstrated that static knee alignment is associated with
a signiﬁcant risk of compartment-speciﬁc radiographic os-
teophytes and joint space narrowing when examined as
a continuous variable. When 180( is regarded as neutral
alignment, small changes towards varus angulation in-
creased the risk for more severe medial tibiofemoral joint
space narrowing and osteophytes, while small changes to-
wards valgus angulation had a similar affect on the lateral
compartment.
The association between the compartment-speciﬁc fea-
tures of radiographic knee OA and knee alignment may
be the product of biomechanical compressive forces. Mech-
anistically, genu varum exerts a medial compressive force
while genu valgum exerts a lateral compressive force
across the tibiofemoral compartment. Nevertheless, this
study has only examined the association between static
knee alignment and the radiological features of knee OA.
We have previously demonstrated that dynamic forces are
important determinants of medialelateral tibial plateau
size in healthy adult women12. Further work is required to
assess whether dynamic measures, such as the knee ad-
ductor moment, are associated with the radiological fea-
tures of knee OA.
This study was potentially limited by our method for
assessing knee alignment given that we did not obtain
full-limb ﬁlms. Although the anatomical axis of the tibia is
supposed to be straight13, it is possible that bowing curva-
ture of the tibia could lead to differences between anatom-
ical alignment (measured by knee angle) and mechanical
alignment using the entire tibia. Nevertheless, we still
observed complementary ﬁndings in the medial and lateral
tibiofemoral compartments as the knee angle changed from
more varus to more valgus, without exposing subjects to
unnecessary ionizing radiation. Finally, we did not use
a cut-off to categorize subjects as valgus or varus. Rather,
we measured knee angle as a continuous variable and
examined the relationship between increasing valgus and
varus knee angle and the radiological features of knee
OA. Using this method, we were able to show a signiﬁcantassociation with knee angle and compartment-speciﬁc
features of radiographic knee OA.
This has been the ﬁrst cross-sectional study to have ex-
amined the relationship between a continuous measure of
static knee alignment and radiographic joint space narrow-
ing and osteophytes within the same cohort of arthritic sub-
jects. We have demonstrated that small angle changes in
static knee alignment are associated with the compart-
ment-speciﬁc features of radiographic knee OA. When the
knee tends towards varus alignment, there is an associated
risk of more severe medial joint space narrowing and osteo-
phytes, whereas when the knee tends towards valgus align-
ment, there is an associated risk of more severe lateral
radiographic OA. Further work is required to determine
whether interventions aimed at correcting these relatively
minor levels of varus and valgus angulation will have an im-
pact on the risk of tibiofemoral OA.
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